
Pinout AT mega1 6 



• 








(XCK/TO) 

PBO 


1 

40 


PAO 

(ADCO) 

(T1) 

PB1 


2 

39 

Z) 

PA1 

(ADCD 

(INT2/AIN0) 

PB2 


a 

36 


PA2 

(ADC2) 

(OCO/AIN1) 

PBS 


4 

37 


PAS 

(ADCS) 

■ (SS) 

PB4 

IZ 

5 

36 

Zl 

PA4 

(ADC4) 

(MOSI) 

PBS 


6 

35 


PAS 

(ADCS) 

(Mrso) 

PB6 


7 

34 


PA6 

(ADC6) 

(SCK^ 

PB7 


8 

33 

Zl 

PA7 

(ADC7^ 

RESET 


9 

32 


AREF 


VCC 

IZ 

10 

31 


GND 



GND 


11 

30 

□ 

AVCC 

XTAL2 


12 

29 


PC 7 

(TOSC2) 

XTAL1 

IZ 

13 

26 


PC6 

(TOSC1) 

(RXD) 

PDO 


14 

27 

□ 

PCS 

(TDD 

(TXD) 

PD1 


15 

26 


PC4 

(TDO) 

(INTO) 

PD2 

IZ 

16 

25 


PCS 

(TMS) 

(INT1) 

PD3 


17 

24 

□ 

PC 2 

(TCK) 

(OC1B) 

PD4 

IZ 

18 

23 


PCI 

(SDA) 

(OC1A^ 

PD5 

IZ 

19 

22 

□ 

PCO 

(SCL) 

(ICP1) 

PD6 

c 

20 

21 


PD7 

(OC2) 


General Purpose Registers (R1-R31) 

Addr. 


RO 

$00 

R1 

SOI 

R2 

$02 

... 


R13 

SOD 

R14 

SOE 

R15 

SOF 

R16 

$10 

R17 

$11 

• • • 


R26 X-register Low Byte 

$1A 

R27 X-register High Byte 

$1B 

R28 Y-register Low Byte 

$1C 

R29 Y-register High Byte 

$1D 

R30 Z-register Low Byte 

$1E 

R31 Z-register High Byte 

$1F 


Program Memory Map 



soooo 


SIFFF 


Data Address Space 


Register File 


Data Address Space 


RO 


$0000 

R1 


$0001 

R2 


$0002 

• ■ • 


• • • 

R29 


$001 D 

R30 


$001 E 

R31 


$001 F 


I/O Registers 


$00 

$01 

$02 


$3D 

$3E 

Internal SRAM 




Port B Data Register - PORTB 





Bit 

7 

6 

5 

4 

3 

2 

1 

0 

iie($3a) 

1 P0RTB7 1 

PORTB6 1 

P0RTB5 1 

PORTB4 1 

P0RTB3 1 

P0RTB2 1 

P0RTB1 1 

PORTBO 1 

PORTB 

Read' Write 

R.'W 

R,<W 

RAV 

Ri'W 

RAV 

RAV 

RAV 

R/W 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Port B Data Direction Register- DDRB 



Bit 

7 

6 

5 

4 

3 

2 

1 

0 

$17 ($37) 

1 DDB7 

DDB6 

1 DDB5 

1 DDB4 

1 DDB3 

1 DDB2 

1 DDB1 

1 DDBO 

DDRB 

Read' Write 

R;V; 

RM 

RAV 

R^'W 

RAV 

RAV 

RAV 

RAV 

Initial value 

0 

0 

0 

0 

0 

0 

0 

0 

Port B Input Pins Address -PINB 




Bit 

7 

6 

5 

4 

3 

2 

1 

0 

$16 ($36) 

1 PINB7 

1 PINB6 

1 PINBS 

1 PINB4 

1 PINB3 

PINB2 

PINB1 

PINBO 1 

PINB 

Read'VJrite 

R 

R 

R 

R 

R 

R 

R 

R 

Initial value 

N;'A 

m 

N/A 

N/A 

N/A 

N/A 

N/A 

RA 


The EEPROM Data Register - EEDR 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


1 MSB 







LSB 1 

Read/Write 

RM 

R/W 

R/W 

RWV 

RM 

R/W 

RAA/ 

R/W 

Initial Value 

0 

0 

0 

0 

0 

0 

0 

0 


The EEPROM Address Register - EEARH and EEARL 

Bit 15 14 13 12 11 10 9 

8 


- 

- 

- 

- 

— 

- 

- 

EEAR8 


EEAR7 

EEAR6 

EEAR5 

EEAR4 

EEAR3 

EEAR2 

EEAR1 

EEARO 


7 

6 

5 

4 

3 

2 

1 

0 

ReadA/Vrite 

R 

R 

R 

R 

R 

R 

R 

R/W 

RW R/W R/W R/W RAiV 

The EEPROM Control Register - EECR 

R/W 

RA/V 

R/W 

Bit 

7 

6 

5 

4 

3 

2 

1 

0 


1 - 

- 

- 

- 

EERIE 

EEMWE 

EEWE 

EERE 

ReadA/Vrite 

R 

R 

R 

R 

RA/V 

R/W 

RA/V 

RAA/ 

Initial Value 

0 

0 

0 

0 

0 

0 

X 

0 


EEDR 


EEARH 

EEARL 


EECR 





status register 



Bit 

7 

6 

5 

4 

3 

2 

1 

0 


L- 

T 

H 

S 

V 

N 

Z 

C 1 SREG 

Read/^/Vrite R/W 

Rl^ 

R/W 

RA/V 

RA/V 

R/W 

R/W 

R/W 

Initial V3lu& 0 

0 

0 

Q 

0 

0 

0 

0 

• 

I; Global Interrupt Enable/Disable Flag, SREG7 

• 

T: Transfer bit used by BLD and BST instructions. 


SREG6 








• 

H: Half Carry Flag, SREG5 





• 

S : N © V, For signed tests 

, SREG4 




• 

V: Two's complement oyerflow indicator, SREG3 

• 

N: Negatiye Flag, SREG2 





• 

Z: Zero Flag, SREGl 






• 

C: Carry Flag, SREGO 
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Clock Sources 


Device Clocking Option 

CKSEL3..0 

External Crystal/Ceramlc Resonator 

1111-1010 

External Low-frequency Crystal 

1001 

External RC Oscillator 

1000-0101 

Calibrated Internal RC Oscillator 

0100-0001 

External Clock 

0000 


Note: 1 . For all fuses “1” means unprogrammed while “0" means programmed. 

The device is shipped with CKSEL = “0001” and SUT = “10”. 
The defauit clock source setting is therefore the 
1 MHz Internal RC Oscillator with iongest startup time. 


Crystal Oscillator 


CKOPT 

CKSEL3..1 

Frequency Range 
(MHz) 

1 

lOlOi 

0.4 -0.9 

1 

110 

0.9 - 3.0 

1 

111 

3.0 - 8.0 

0 

101, 110, 111 

1.0 < 



XTAL2 

XTAL1 

GND 


External RC Oscillator 


CKSEL3..0 

Frequency Range (MHz) 

0101 

0.1 <0.9 

0110 

0.9 - 3.0 

0111 

3.0 - 8.0 

1000 

8.0-12.0 


Vcc 



XTAL2 

XTAL1 

GND 
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Calibrated Internal RC Oscillator 


CKSEL3..0 

Nominal Frequency (MHz) 

000 

1.0 

0010 

2.0 

0011 

4.0 

0100 

8.0 

Note: 1 . The device is shipped wil 

th this option selected. 


External Clock 


To run the device on an 
external clock, the CKSEL Fuses 
must be programmed to "0000". 


NC 


EXTERNAL 

CLOCK 

SIGNAL 


XTAL2 


XTAL1 


GND 


Bit 

TCCRO - Timer/Counter Control Register 

7 6 5 4 3 2 1 0 


1 FOCO 1 WGMOO 1 COM01 COMOO | WGM01 CS02 | CS01 CSOO | 

Read/Write 

w 

R/W R/W R/W R/W RA/V RA/V RA/V 

Initial Value 

0 

0 

0 0 0 0 0 0 

Table 14-6. Clock Select Bit Description 

CS02 

CS01 

CSOO 

Description 

0 

0 

0 

No clock source (Timer/Counter stopped). 

0 

0 

1 

clk|/Q/(No prescaling) 

0 

1 

0 

clk|/Q/8 (From prescaler) 

0 

1 

1 

clk|/o/64 (From prescaler) 

1 

0 

0 

clk|/o/256 (From prescaler) 

1 

0 

1 

clk|/Q/1024 (From prescaler) 

1 

1 

0 

External clock source on TO pin. Clock on falling edge. 

1 

1 

1 

External clock source on TO pin. Clock on rising edge. 

If external pin modes are used for the Timer/CounterO, transitions on the TO pin will clock the 

counter even if the pin is configured as an output. This feature allows software control of the 
countinq. 
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Table 14-1. Definitions 

BOTTOM 

MAX 

TOP 

The counter reaches the BOTTOM when it becomes 0x00. 

The counter reaches its MAXimum when it becomes OxFF (decimal 255). 

The counter reaches the TOP when it becomes equal to the highest value in the 
count sequence. The TOP value can be assigned to be the fixed value OxFF 
(MAX) or the value stored in the OCRO Register. The assignment is dependent 
on the mode of operation. 

Table 14-2. Waveform Generation Mode Bit Description^^ ^ 

Mode 

WGM01 

(CTCO) 

WGMOO 

(PWMO) 

Timer/Counter Mode of 
Operation 

TOP 

Update of 
OCRO 

TOVO Flag 
Set-on 

0 

0 

0 

Normal 

OxFF 

Immediate 

MAX 

1 

0 

1 

PWM, Phase Correct 

OxFF 

TOP 

BOTTOM 

2 

1 

0 

CTC 

OCRO 

Immediate 

MAX 

3 

1 

1 

Fast PWM 

OxFF 

BOTTOM 

MAX 

Note: 1 . The CTCO and PWMO bit definition names are now obsolete. Use the WGM01 :0 definitions. 

However, the functionality and location of these bits are compatible with previous versions of 
the timer. 


Table 14-3. Compare Output Mode, non-PWM Mode 

COMOt 

COMOO 

Description 

0 

0 

Normal port operation, OCO disconnected. 

0 

1 

Toggle OCO on compare match 

1 

0 

Clear OCO on compare match 

1 

1 

Set OCO on compare match 

Table 14-4. Compare Output Mode, Fast PWM Mode^^^ 

COM01 

COMOO 

Description 

0 

0 

Normal port operation, OCO disconnected. 

0 

1 

Reserved 

1 

0 

Clear OCO on compare match, set OCO at BOTTOM, 

(non-inverting mode) 

1 

1 

Set OCO on compare match, clear OCO at BOTTOM, 

(inverting mode) 

Note: 1 . A special case occurs when OCRO equals TOP and COM01 is set. In this case, the compare 

match is ignored, but the set or clear is done at TOP. See “Fast PWM Mode” on page 77 for 
more details. 
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TIMSK - Timer/Counter Interrupt Mask Register 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


I OCIE2 

TOIE2 

TICIE1 

OCIE1A 

OCIE1B 

TOIE1 

OCIEO 

TOIEO 1 

ReadA/Vrite 

R/W 

R/W 

R/W 

R/W 

R/W 

R/W 

R/W 

R/W 

Initial Value 

0 

0 

0 

0 

0 

0 

0 

0 


TIMSK 


• Bit 1 -OCIEO: Timer/CounterO Output Compare Match Interrupt Enable 

When the OCIEO bit is written to one, and the l-bit in the Status Register is set (one), the 
Timer/CounterO Compare Match interrupt is enabled. The corresponding interrupt is executed if 
a compare match in Timer/CounterO occurs, i.e., when the OCFO bit is set in the Timer/Counter 
Interrupt Flag Register -TIFR. 

• Bit 0 -TOIEO: Timer/CounterO Overflow Interrupt Enable 

When the TOIEO bit is written to one, and the l-bit in the Status Register is set (one), the 
Timer/CounterO Overflow interrupt is enabled. The corresponding interrupt is executed if an 
overflow in Timer/CounterO occurs, i.e., when the TOVO bit is set in the Timer/Counter Interrupt 
Flag Register -TIFR. 


TIFR - Timer/Counter Interrupt Flag Register 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 



1 OCF2 

TOV2 

ICF1 

OCF1A 

OCF1B I 

TOV1 

I OCFO 

TOVO 

I 

Read/Write 

R/W 

RA/V 

R/W 

R/W 

RA/V 

R/W 

RAA/ 

R/W 


Initial Value 

0 

0 

0 

0 

0 

0 

0 

0 



TIFR 


• Bit 1 - OCFO: Output Compare Flag 0 

The OCFO bit is set (one) when a compare match occurs between the Timer/CounterO and the 
data in OCRO - Output Compare RegisterO. OCFO is cleared by hardware when executing the 
corresponding interrupt handling vector. Alternatively, OCFO is cleared by writing a logic one to 
the flag. When the l-bit in SREG, OCIEO (Timer/CounterO Compare Match Interrupt Enable), and 
OCFO are set (one), the Timer/CounterO Compare Match Interrupt is executed. 

• Bit 0 - TOVO: Timer/CounterO Overflow Flag 

The bit TOVO is set (one) when an overflow occurs in Timer/CounterO. TOVO is cleared by hard- 
ware when executing the corresponding interrupt handling vector. Alternatively, TOVO is cleared 
by writing a logic one to the flag. When the SREG l-bit, TOIEO (Timer/CounterO Overflow Inter- 
rupt Enable), and TOVO are set (one), the Timer/CounterO Overflow interrupt is executed. In 
phase correct PWM mode, this bit is set when Timer/CounterO changes counting direction at 
$ 00 . 
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ADMUX Register 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


1 REFS1 

REFSO 

ADLAR 

MUX4 

MUX3 

MUX2 

MUX1 

MUXO 1 

Read/Write 

RAA/ 

R/W 

R/W 

RW 

RAN 

RAN 

RAN 

RAN 

Initial Value 

0 

0 

0 

0 

0 

0 

0 

0 


ADMUX 


Table 83. Voltage Reference Selections for ADC 


REFS1 

REFSO 

Voltage Reference Selection 

0 

0 

AREF, Internal Vref turned off 

0 

1 

AVCC with external capacitor at AREF pin 

1 

0 

Reserved 

1 

1 

Internal 2.56V Voltage Reference with external capacitor at AREF pin 


• Bit 5 - ADLAR: ADC Left Adjust Result 

The ADLAR bit affects the presentation of the ADC conversion result in the ADC Data Register. 
Write one to ADLAR to left adjust the result. Otherwise, the result is right adjusted. Changing the 
ADLAR bit will affect the ADC Data Register immediately, regardless of any ongoing conver- 

• Bits 4:0 - MUX4:0: Analog Channel and Gain Selection Bits 

The value of these bits selects which combination of analog inputs are connected to the ADC. 
These bits also select the gain for the differential channels. See Table 84 for details. If these bits 


Table 84. Input Channel and Gain Selections 


MUX4..0 

Single 

Ended 

Different 

Positive 

iai Input 
Negative 

Gain 

00000 

ADCO 

N/A 

00001 

ADC1 

00010 

ADC2 

00011 

ADCS 

00100 

ADC4 

00101 

ADCS 

00110 

ADC6 

00111 

ADC7 

01000 


ADCO 

ADCO 

lOx 

01001 

ADC1 

ADCO 

lOx 

01010 

ADCO 

ADCO 

200x 

01011 

ADC1 

ADCO 

200x 

01100 

ADC2 

ADC2 

lOx 

01101 

ADCS 

ADC2 

lOx 

OHIO 

ADC2 

ADC2 

200x 

01111 

ADCS 

ADC2 

200x 


MUX4..0 

Single 

Ended 

Different 

Positive 

iaI Input 
Negative 

Gain 

10000 


ADCO 

ADC1 

lx 

10001 


ADC1 

ADC1 

lx 

10010 

N/A 

ADC2 

ADC1 

lx 

10011 


ADCS 

ADC1 

lx 

10100 


ADC4 

ADC1 

lx 

10101 


ADCS 

ADC1 

lx 

10110 


ADC6 

ADC1 

lx 

10111 


ADC7 

ADC1 

lx 

11000 


ADCO 

ADC2 

lx 

11001 


ADC1 

ADC2 

lx 

11010 


ADC2 

ADC2 

lx 

11011 


ADCS 

ADC2 

lx 

11100 


ADC4 

ADC2 

lx 

11101 


ADCS 

ADC2 

lx 

11110 

1.22V 

N/A 



11111 

0 V 
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ADCH - The ADC Data Register 








Bit ADLAR = 0 

14 

13 

12 

11 

10 

9 

8 



- 

- 

- 

- 

- 

- 

ADC9 

ADCS 

ADCH 


ADC7 

ADC6 

ADCS 

ADC4 

ADC3 

ADC2 

ADC1 

ADCO 

ADCL 


7 

6 

5 

4 

3 

2 

1 

0 


Read/Write 

R 

R 

R 

R 

R 

R 

R 

R 



R 

R 

R 

R 

R 

R 

R 

R 


Initial Value 

0 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 

0 


ADLAR = 1 









Bit 

15 

14 

13 

12 

11 

10 

9 

8 



ADCg 

ADCS 

ADC7 

ADCS 

ADCS 

ADC4 

ADC3 

ADC2 

ADCH 


ADC1 

ADCO 

- 

- 

- 

- 

- 

- 

ADCL 


7 

6 

5 

4 

3 

2 

1 

0 


ReadAA/rite 

R 

R 

R 

R 

R 

R 

R 

R 



R 

R 

R 

R 

R 

R 

R 

R 


Initial Value 

0 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 

0 



ADCSRA Register 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


1 ADEN 

ADSC 

ADATE 

ADIF 

ADIE 

ADPS2 

ADPS1 

ADPSO 1 

Read/Write 

RTW 

RA/V 

R/W 

R/W 

R/W 

RA/V 

R/W 

RA/V 

Initial Value 

0 

0 

0 

0 

0 

0 

0 

0 


ADCSRA 


• Bit7-ADEN: ADC Enable 

Writing this bit to one enables the ADC. By writing it to zero, the ADC is turned off. Turning the 
ADC off while a conversion is in progress, will terminate this conversion. 

• Bit 6 - ADSC: ADC Start Conversion 

In Single Conversion mode, write this bit to one to start each conversion. In Free Running Mode, 
write this bit to one to start the first conversion. The first conversion after ADSC has been written 
after the ADC has been enabled, or if ADSC is written at the same time as the ADC is enabled, 
will take 25 ADC clock cycles instead of the normal 13. This first conversion performs initializa- 
tion of the ADC. 

ADSC will read as one as long as a conversion is in progress. When the conversion is complete, 
it returns to zero. Writing zero to this bit has no effect. 

• Bit 5 - ADATE: ADC Auto Trigger Enable 

When this bit Is written to one. Auto Triggering of the ADC is enabled. The ADC will start a con- 
version on a positive edge of the selected trigger signal. The trigger source is selected by setting 
the ADC Trigger Select bits, ADTS in SFIOR. 
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• Bit 4 - ADIF: ADC Interrupt Flag 

This bit is set when an ADC conversion completes and the Data Registers are updated. The 
ADC Conversion Complete Interrupt is executed if the ADIE bit and the l-bit in SREG are set. 
ADIF is cleared by hardware when executing the corresponding interrupt handling vector. Alter- 
natively, ADIF is cleared by writing a logical one to the flag. Beware that if doing a Read-Modify- 
Write on ADCSRA, a pending interrupt can be disabled. This also applies if the SBI and CBI 
instructions are used. 

• Bit 3 - ADIE: ADC Interrupt Enable 

When this bit is written to one and the l-bit in SREG is set the ADC Conversion Complete Inter- 
rupt is activated. 

• Bits 2:0 - ADPS2:0: ADC Prescaler Select Bits 

These bits determine the division factor between the XTAL frequency and the input clock to the 
ADC. 


Table 85. ADC Prescaler Selections 


ADPS2 

ADPS1 

ADPSO 

Division Factor 

0 

0 

0 

2 

0 

0 

1 

2 

0 

1 

0 

4 

0 

1 

1 

8 

1 

0 

0 

16 

1 

0 

1 

32 

1 

1 

0 

64 

1 

1 

1 

128 


SFIOR Register 


Bit 

7 

6 

5 

4 

3 

2 

1 

0 


1 ADTS2 

ADTS1 

ADTSO 

- 

ACME 

PUD 

PSR2 

PSR10 I SFIOR 

ReadMiite 

R/W 

R/W 

R/W 

R 

R/W 

m 

R/W 

R/W 

Initial Value 

0 

0 

0 

0 

0 

0 

0 

0 


Table 86. ADC Auto Trigger Source Selections 


ADTS2 

ADTS1 

ADTSO 

Trigger Source 

0 

0 

0 

Free Running mode 

0 

0 

1 

Analog Comparator 

0 

1 

0 

External Interrupt Request 0 

0 

1 

1 

Timer/CounterO Compare Match 

1 

0 

0 

Timer/CounterO Overflow 

1 

0 

1 

Timer/Counter1 Compare Match B 

1 

1 

0 

Timer/Counter1 Overflow 

1 

1 

1 

Timer/Counter1 Capture Event 
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